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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide an apparatus and method 
of forming a 

silicon dioxide film on a semiconductor using an oxygen 
plasma and TEOS . 

SOLUTION: This apparatus has means 9 and 11 for 
analyzing the plasma using S 

mass spectrometry and/or optical emission spectral 
analysis. The ratio of the 

number of cations of oxygen molecules present in the plasma 
to the number of 

cations of oxygen atoms is increased by adjusting selected 
operation parameters 

based on this plasma analysis. This decreases the 



concentrations of carbon 

atoms and hydrogen atoms contained in a formed oxide film. 
The oxide film that 

has high insulating properties is so specified as to 
contain carbon at a 

concentration not exceeding about 1 ppm and hydrogen at a 
concentration not 
exceeding about 10 
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1 lfcHiTv**. ^c7)7-7X-7O7i-«ftJ;0. SMS 

UaRfc. ftl 0 13 cm-3?r@i.^^iffiS<7)7l<mt^-ttti- 
IXTE O S **tf r^Xv+^BfKflsi^?*-* 
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imtmii us*atfTEos«flpflETT>' , j3> i i i 

•fM2l^*r5XT*»M3tfft**£*l/0> 

me*+ ^tftasivoiT . strfef- * y^fcAftS 
iMi^+^r5x?^«$*i*yw-*£tt» 

^Xv^+fc^^a^olStff-tfytfyK^K* 
#?-tf>'Jdk«-ftJt£fnW-ft.J:3(c. !9Ef-YW?t= 

a. 

[ff*Jl2 ] fl*Si fciE«e>§eSfcfcvvc , huIE# 
«f#a«» IJiffiBf^+wr^Xv^+oJH 1 ***** 

^IfflH-tfflliftit. fcHfltetftlSil. 

[»*B4] iim»<o±fc:iHk^**»iatft*ife 

¥»ttfcfl^ftB*7 , 5X'7£JBdW-ft7'5X-ejgj£ 

1Mb . 

mi? y x-?co*(?>ft?0)mm*> >-&tffHV>&« 

# ft $fcom. 

fl5IET5Xv^fl$*i^?.*-*£1litBU iwfBT 

*#^Wc^ftit£«*$tf ftfSSSIgfc . 
IJiEr^X^itiCTEOSSaWSflfcBIHKfcfco 

»tfWftlWfc^3BBjRISi:*flliftii:. t»fSk 
■fft*i6. 

[11*316 ] m$4t4 fclMtoStfetefcivc . filler 

wiett. Hffier^xv^+cojs^coK^f-^vcoig 

[IB*JS7] IM*4*£lteft¥*frrA>f*T* 
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St. 1 0 13 cm- 3 £j@;t&offiJg<7)*Si££tfi 
t. fcttafctft^frr'^X. 

X. fflEZKMt^'fWis TE0S**t«*75Xv 

*>+T#«s*ift£i:. ^itsf«#f^^. 

[IWHB9] TEOStcJ:0»*«*i4ZIWky'f* 

*>ieiM*tt £#urf ft mx-h *> x . 
y- ')x.^mmm.ummz j ->xmszm^^ 
mmz.mt-?4 mwwzttn&smwmom 
io izmixmthxmzm&zt. zmbt&u 

i n$m i o ] m$m 9 fciaio*s6t a v . 

HLTO»fc*4**aH«-ftie£ll£ft.rfc. £«f 

[ it$R 1 1 ] nt$% 9 izimnxmiz^ >x . 
20 immm%mw] 

[0001] 

fi^x*m&±izz.mt7-'i mmzmmfctzm 

WJWft. 

[0002] 

30 ( U L S I ) ffl^fMftif STo-fexti. fttKi. tiM 

tcwmmmzk^xmstztitz. tmthwmmm. 
mzwmmmvftmizms-t&Tn-tx^yt-fffiffl 

RfcLTiOJMfffcTOS'C&ft.fcSfcLT, m«<?>Ta 
*x^5*-*OilRtf*£^-rftfctf>K. Tn-fex 

fBBLT&fc. KoT. flfrg<7)ftte£1rrft!81B$£it 

40 [0003] m^ryx-7mzx^xm&^ii^mn 

(Tjfh^iK^^y (TEOS) %Ofl#*ttBJ£A 

isi. ztwb^-f* ( s i o 2 ) iioitfljjaj^a^ii^ 

^XOE7J, ffiJK^fB, T5Xvi)Sm^^*n^7r 
^^Jc««t:flflW*i:^d»«**LTV^ft. 

[0004] uLsiafBtj3^-cy-h<?)««*JM* 

50 ^Kthb^oro-tx^Pttn^ifi^i'i. siO 
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J6?*4. 9fiBiJK3fvO**J:5fc. SiOiflK»5lS 
«i, §\ffi+£>T EOS frfc<0gttMWflMt<04jR*£ 

®jMX'hht%z-L>tixz>. mm. j. euc 

trochem. Soc. v. 142 (1 99530 
<7)2 3 3 2^-:/ (D. Dobkin et a 
1. ) fc#SI3*ifcv*. #K«>£iSi.-£*l«fc*v*s 

[0005] Si OtCDig&mZfio ffl&f?) 

.fcrtffStfBJftfiffi ( P E TE 0 SXtiT EOS PEC 
VD) % RT/. ^EC VD ( APCVD ) jfrVy/TE 

SlXKOT+^T E O SM/ZC07 >ht RJtit 

&zt cot-# h^tnm^mimx-ti z t izm- 

SS i 02JUcj/n^f-9->Uf^*®jftt4. 
[0 0 0 6] TEOS PECVDtM-tSgijOtr^ 
*%*3*lTV^T. ISlW^jfc^ Si0 2 (7)«l« 

J. Vac. Sci. Tech, B10(199 
230 0)3 7^— v (G. B. Raupp et a 

MR77?*Tra*i:#£fc*rO**. J. A PP 

1. Phys. , vol 70 ( 1 9 9 130 <07 1 
3 7^-^ (n, n. Islamaraja et 
a 1 . ) , Rt/. J. Vac. Sci. Tec 
h. A8 ( 1 99030 <7)l 864^-v ( J. 
E. Crowe 11 et a 1 . ) £#SSO«r i: . 
TEOS PECVDti-JtiMISfLfcSiOjiW) 

TV**. dc0.^tWLT«i, ±$<DJ. App 1 n. 
Phys., vol. 70 ( 1 99 130 <97 1 3 
7^— V. Rlf. J- Vac. Sci. Tec 
h. , A 1 1 ( 1 99330 f0256 2**.- : J (P. 
J. Stuart et a 1 . ) £#g3$ftf; 
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[0007] 

fflfc J: h T E 0 SRtf*(0fS l ffl&7 y 7* V h frb<K 

ftBK0»v^JM(* Kiflrt-ifcft WTE 0 S fcKfgM? 

tJWISiifcTEOS«itt!BlK*fflv^7 , 5X'7 • x> 

AyxCVD (PECVD) BB±. TEOSlHI3fej<7)& 

tStfSSWRfc* I/O**. -TO^i: 
li. S£ffiffl$ftTv**7 4-^h'?>lHM%K huyj- 
l&MMMtx*-** . T WIS 

PECVD»ftilTB#»i*ifc*Brtttf*. 
[00083 

[fSWoHSSWJgffi] fflJSOPECVDra-bXte, ift 

<0ZiWfc*>f Z biPC* h . TyXv 

\<Zim-?h4*>ffi&lz£r>X. PECVDrntX 
It, ^*** t ft<**«)*v«ftlH*4jS-f 6. mi 

tr. #50002 : TEosaautca«<?«n<*sfli5 

i -OHk. ft2M*%WH2 0i£-&X,T*V*£. TE 

fl^+KJEKWKV*** (100-1, OOOpp 
m) TTftt-rS. iI»0*n<j8£3ilfcPECVD|Mfc 
30 ^SritWS^Sit^rn-feXA^^-^O^W^ffl 

[000 9] JE?J=0. 5-3 J— ;k 
t-*«UE= 100-500° C, 

3. 5 6MHz, 
ffi«*=l 0 0-60 OKHz. 
&ffim,flRV : i&®%.mJl = 0. 1-1KW. 
Ozti$.R= 3-10slm, 
02 : TEOSgiE*Jt=l 0-1 0 3 . 

[ooi o] mm. hf (mnm rvlf asm 

40 tjD0>W7X)Z1ii''<Ji'iWzZiklzb£lL 
BW^t, d^iT^S i -0HSS^C=0«Oig 

^tSK^'f 3j-y<?>x*yWf t . 
50 MKT7X-7f;: c fc-9T±-f£S{g#£<&S. Jb^O^ 
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&S*>41KHfc&4 (Witf. 6 0 0* CT'T--'J>- 

/jsitff-jfcattt. ix i o"cm-2-e&9. 2 
/t. i, ioo" cTT--o>?wm&'iT'>tzmz 

(4. 3X1 OUcm-ifW) . 

[00113 TEosco^m^ffym^mmmm- 

>c-o>c-c <r>\m xmit 4 z b ti^^x-h -> 

<m&<r>mz>mtz>wt>x 5 s^i^fcfet: . io 
c-o&nrcDmiteXixmfTtz. teos b®mm 
?t <Dfflff)%.&&m£m& c - o&&com®£stM.-t 

hb. a (TtWr) -HSWtfS^K. ^3 
6kc a X/^VX'foh. Z(Dm±. TEOScOC-O 
^i^l'Jf (93-98kcal /W) J: 0 t *' 
&9'h£V\ Z^-^ig* (di oxygen) 
y # C - H C A 4 i i: i 0 T E O S frh £j£ § ix 
h^imnhhiittvWyl/iiMzmth C - OS 
£*>JSK£fttW- 4 b ,l)22kcal /*/UD|&-&» 
mmcmU lOffll. fcifU:RJ6ifig*>+Tftfc 20 

LT4"f S C - OtS&OflfKafttt&ittt 

£ffofc.ift36kcal /t;K0M8^i^W 
£*i$>«Dx*;Wf{i. z^HF^K*;*?-*:' 

#C - H«£fcA 4*&£ 8 (f4 J: 9 fc *»* 9 V * . 

TEOSO^^ybOS* Ojg-g-cOlHSgx */I^<9 

(4. Z^tfDWR^f-JTyJ: OkjKrOS^J&gTTE 30 
O ScD#jJ?£{Eit-f4 *»<?5fc fe*l4 . 
[0012] ±acO^StS^< b . 
Og^lig^&T'fti&«T-«»-r4 S i 0 2 |lfr\ fl!W) 

7 -jiit m??a«>au8c Jt® lt o 2 m * srs 

X\ *j&HzfciX»bZbtfV*lbZie>tih. B 
T*#4. PECVD^ro-b^N'^^-^&t/RjC^ 40 

^£#&BjtfcoT®iift^4^fc£cfc9. 
yo 2 4 iz x ->x vx.-^mmzm%i-&®m*i-*y 

S^a-fLSix. Zixlzk*). jfcfi-*-4R* 
SK>l**»*0«ffitf>"CK<ar4 <0U(4\ OJR^ftlfO 

♦*f-*y-eaissfi4ii!s*s&*m o 8 - 1 o 5 fg-ej> 

■f 6B-(URtf3+0*«/|jaf(?!)*W**fi< "f 4 i i: A* 

ztiizi*)^ xr-f-r- tirtv- : Jiftmzti& 
tmz. y-yx-vizxvttf&^-wmmtf&ffiz 
til. fvtm&fiiMmii., *«w(ce!r>r*fli$ 50 
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*ifcaSiMI*>B!«>+(c. 1 ppmiO fc^rV^KaSRK 
2Hf 1 O I6 cm-3J:0t^«S:V>*3RiKS^r-f6^)3Wl 
SHrC*40U.tf. 0 1 CijW^O-SSttMfcfc^ 

4 >-S*^-«f^a (MS) 9£J:oT##rf 4dfc#T' 

5 . «Gtt*Hl:¥«l±» *3BH<0TE OS P E 
C V DMa*S*Jflv^r «>x-7U 5±fcBrtK£*a 
S-fr4f-^>Al 3cD+<03£¥Mft?6ft^##rSfi 

(oes) i ltio-ciwart-Sitj&frsi. .top 

MCmilf , l^T^XvSrffiWC. S i OiOJfeff* 
£8U MS9CJIU.TOES1 l£ffl^4.Ifc 
fciO. 0 2 * MfO* com GfcLizttSWtoMnVda 

[0013] fcflsOTEO s»tf#?*>»*a*. 

1=1 T&^'X^lBv^-^F-t^^ r^<7-^\ 
•yh'j 19^3iLTftf&$il4„ JJEV-dt-A'K 1 9 

a 1 5 WSBBt+»fcH&-t:^E-f 4 J: 3 C^x-y\ 1 
50jJSrtc|ftft^*i"CV^4. ISii-K-frFtth-h 
fisvV-^y H j 1 9(4. afg«0RF (K/Uft) %4 

Umax/* y t-yyxs^@s5ffl2 1 *»6Bjattx* 

7WEW(»13. 5 6 MHz) 35*ftiaSft.4ttfifc LT 

f^ffl-rs j; 9t> mmxmfrhwmh z t h . 

^XWM 5(4. •^-fe7'^2 3<7)±t^$ilTfc , 3. 

StT-TV^T. W-ai 5 fcttfcilffiW-4»ft^fc» 
JytV^v H/«ffil 9fc<7)^(cr5X-75-*t^ft 
TV^4. ^-fe7°^2 3(4. m!g(Dt-?T-ty7'V 2 5 

1 5 tdiwmzmzt 4 i t * j t-# 

4 . 4fc. TXX^^ffi^iS (fi 1 0 0 - 6 
OOKHz) 2 7^tf-b7°^/«li2 3(Ctf^LT. K 
•^•tr^/mfiS2 3<o±KS3#$*ut^x-yM 5crm 

ffi(c«^4iss-f ywx^^f taswcswrf 4 
i b tfx-z 4 . ami9*2 9 fcsaasitfcjiffitfyr 

(HSrfrl 1 ) tiot. f+wq 3tf)+K^E^IH* 
■T4. 

[0014] 71-a 1 5*5±fc:||fe)Kfc#j£*-4ia 

-fnmzVffith Z b ifiV* 4 
[ 0 0 1 5 } 01 1 : 

ffyAl 3<7)*<r)l±Jj : $<J0. 5H-/K 
">X-yM 5<7)?&g: ^300" C. 
RF (iS/g&) m^l/^2 1 : 2 0 0 c mO^X-VN 
1 5tKLT*«jO. 4JfD7 7 h. 
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#Xfl£&: TEOS ; $1 s c cm 
K*:«7 s lm. 

[00 1 6] 01 2 : 

t+yAn^I^:*!;!. 5h-/k 

>)X-;M 5c7)lgJK: #73 50' C. 

RF (iS^)«7^K^2 1 : 2 0 0 c mCD»7X-y\ 

1 5£BgLTift0. 4*D7 y K 

^'^7X1^^1/2 7:^0. 3*o7-yK 
#X85fi: TEOS : #91 s c cm 

8$ : #56 s lm. 

[0017] mm. ±a<ofH&/<5*-**>«iirtfc 

1 (HRWfctt. 53&&»fc#j£S*i4 ) 2riiLT. 77 
Xva^SBt*'*? WP3 3 £ WirtS . -HSWfcfc 
l^li, Ametek Dy c o rCOi ot£?4 7°c7)® 
*^5flt9, S i 1 i c o n Fiber De 

tector^i W 47<7)ft^m%mttftftm 

Z^hztftx-^h. zwXdiz-f&k. 
±tclWklB*JKiK-f6IBfc:. ££E. RFf^j, a'^tx 
Mtffc. KS&tfTEOScDSaJtS: 

il^C, SiOi^)«jfifcBUrSS 
tt=5rfl!ilBI!mT'J) S t #fciflM>#fcT - W>T EOS?) 

4. TEOS4M»7 5/>^hOiftK^tt , r, MS. 1 
^ey#4 (ESR) XttFT- IR (7-'JX^& 

S <0!MKtt!» L . ±&<7><t 3 fc* * V a* i 3 *>«f> <>!« 

jfcoKBfBfcP. BBBJR^^f-^y CO*) <7)i§IStf 
frPO/itty ( CV ) <7)i8£J: 0 9 JS^£ t * 

0. 5*»4>1. 5h-;HO *\ BSOSUI 
(0U(f, 7 s 1 mj6>4>6 s 1 ml;) Clfc 
Wot, jBSeiBltii*S«4ifc*«T*4. .rft£> 
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[0 2 *] / [O*] ff)itZm±2it. ZtiizX*). Jfcg 
*ffc0TT\ AVfTXWjfcffiTStf. £*UCk9. Bt 

*ff*£ft»*-*fctf>fc:, 0U«f . FT- I RfcfflWt 

io tools) *Rw<r)W\<r>$mmizi5^x\*. vita. 

±&<r>J. Appl. Phy s. v. 8 1 ( 1 99 
|>. h--Knj/— Xt-v"T ( t op o 1 o gy ste 

P ) nmrnvm^nmizmmmmte. m 
iz^tmmzmi r^-mmi.mw.mz® $ 

EJk Mtffc. RJSF*)+0MK/">x-A£BBtcitft* 

*SF^r^«ftt*fflv^, fxJEf-vVA'i 3<7)+<0 
f»v^-^*«4L. $n&affi?>HEfl(cs i 0 2 

&rh zt%< m^mmimz»m-h z t ttx-i* i . 
TUffSfiiiMRM^awflWR^f-^y (Hi^+y 

v\'l 3i:H**S«f-*'>'^4'-C»*$*i*) W8f* 

^fXiaS (30 OK) tcWILT, KfgOS* (»3s 1 
m) . t-^3&>fee-^4r<^)*KME ( 1 00 v) Sr 
**4(WB*<13. 5 6MHz ). RTS. -fe'nc^iSJf 

[0019] 0. 5h-A^)ff*PKBUT, [0»»] 

40 =10'»cm- 3 ; [0 + ] = 9 X 1 0 15 c nr» ; [O] 
= 7. 5X 1 0 15 cm-3t*S>0. 1. Oh-ZUOE^JP 
KBLT. [0 2 *] =2. 5xl0 13 cm-3; [0*] 
= 9X10 13 cm-3; [0]=3. 4 X 1 0 15 c ra-'t 

[0020] Pl^rO^-^fcltJ^T . mS^A- ■•/ 7"{i 2 c 

'MZitht. [o 2 »] / to*] oiYtffi o-*frt,o. 

2 8^tii7cL. *569«cfi£o-C««S*iftS i 0 2 ffi 
50 Op a n S5:+7i-tK#-tl.. 
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[ 0 0 2 1 ] Z Z X-m 2 *#St*ft b , *#JfcM«J 
1 3*4. BSSSSMBL >>x-ai 50)ffiJg£t££ 

t-fcommmzth (xr-yy°4 1 ) ztuziix* 
msuzj&txNBztii. RFrnjitrnteixisw- 

^•y H/Uffil 9t-9--b7"^2 30D±<O^X-Al 5t 
oymzryX^ZMfcth (*T-y 7*4 3) « 
»^*ftt9Sl^/XJ43t^W^IBli^^fH 1 
lfVC7*?Xv£fc»rl/C (Xf'y74 5) . JufrOJ:? 

(02 + /o*#§*) . at. aiws*tfe*Miiaii 

T774 9) tHLT. TE0S^'X$r7*7Xvt^A 
L (^f774 7) . ZtHZX'O. ^I-AISCOH: 
ZiMI:^>f#IRS:»lS^4. <W=, TEOS#X£it#> 

xi"C75x°?*m*z-<t (xr 7 T5 3) . 

&3§ilt#>4 (Xf775 5) . 



(6) ttBIPPl 1-2 33502 

1 0 

[002 2] FT- I R5 9£Ewc-£<7)l£ll±Crt:I? 
7*5 7) ±&<7)Xot,Z%.mi-<r>.><l 3<D*(D 

**flFKtt*«3>Stf 4 i i: ifiX'% 4 . 
[HBSaflML&ttH] 

io [02] ^m<D-mmmizi^rv-txi^iwxm 
x-hh. 

9 nmm 

1 1 mmmstmtm 

.13 (EJ&P) 

15 ^x-^(^^as) 
17 w&m{fMm 

19 vx*-;UK 
2 3 -fr-feT** (US) 

20 29 m&mm (zaum) 
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